Haploid genome doubling is a key limiting step of haploid breeding in maize. Spontaneous restoration of haploid male fertility (HMF) provides a more promising method than the artificial doubling process. To reveal the genetic basis of HMF, haploids were obtained from the offspring of 285 F2:3 families, derived from the cross Zheng58 × K22. The F2:3 families were used as the female donor and Yu high inducer No. 1 (YHI-1) as the male inducer line. The rates of HMF from each family line were evaluated at two field sites over two planting seasons. HMF displayed incomplete dominance. Transgressive segregation of haploids from F2:3 families was observed relative to haploids derived from the two parents of the mapping population. A total of nine quantitative trait loci (QTL) were detected, which were distributed on chromosomes 1, 3, 4, 7 and 8. Three major QTL, qHMF3b, qHMF7a and qHMF7b were detected in both locations, respectively. These QTL could be useful to predict the ability of spontaneous haploid genome doubling, and to accelerate the haploid breeding process by introgression or aggregation of those QTL. 
costs can be saved and which does not require the use of toxic chemicals, in contrast 26 to the artificial doubling process. To reveal the genetic basis of HMF, haploids were 27 obtained from the offspring of 285 F 2:3 families, derived from the cross Zheng58× 28 K22. The F 2:3 families were used as female donor and YHI-1 as the male inducer line. 29 The rates of HMF from each family line were evaluated at two field sites over two 30 planting seasons. Quantitative trait loci (QTL) for HMF were identified using a 31 genetic linkage map containing 157 simple sequence repeat (SSR) markers. QTL for 32 HMF displayed incomplete dominance. Transgressive segregation of haploids from 33 F 2:3 families was observed relative to haploids derived from the two parents of the 34 mapping population. A total of nine QTL were detected, which were distributed on 35 chromosomes 1, 3, 4, 7, and 8. Three QTL, qHMF3b, qHMF7a, and qHMF7b were 36 detected in both locations, respectively. In our mapping population, HMF was 37 controlled by three major QTL. These QTL could be useful to predict the ability of 38 spontaneous haploid genome doubling in related breeding materials, and to accelerate 39 the haploid breeding process by introgression or aggregation of those QTL.
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Developing homozygous lines is a key step in maize breeding programs. In the 45 traditional process, about six generations are needed to develop homozygous lines by 46 continuous selfing, which is a time-consuming and expensive process [1] . The use of maize haploid plants provides a rapid and efficient method to develop homozygous 48 lines [2] . Producing haploid plants in vivo has become a routine process and has been 49 adopted widely for maize breeding during the past decade [3, 4] . Doubled haploid 50 (DH) technology has gradually become one of the three core technologies of modern 51 breeding programs, along with transgenic and molecular marker-assisted breeding 52 technology [5] . Moreover, DH technology enables opportunities for characterizing 53 and utilizing the genetic diversity present in gene bank accessions of maize [6, 7] . 54 The DH process in maize includes three steps: production of haploids, haploid 55 genome doubling, and DH line development and application. With 
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[24] first reported the QTL related to HMF using two segregation populations from . CC-BY 4.0 International license It is made available under a (which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. If there were more than one QTL for the same trait on the same chromosome, a 150 lowercase letter was added after the chromosome number to distinguish these QTL.
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Phenotypic Data Analysis of HMF . CC-BY 4.0 International license It is made available under a (which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. (Table 2) .
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